
Open access 

  1Parikh P, et al. Open Heart 2020;7:e001183. doi:10.1136/openhrt-2019-001183

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
openhrt- 2019- 001183).

To cite: Parikh P, Banerjee K, 
Ali A, et al. Impact of tricuspid 
regurgitation on postoperative 
outcomes after non- cardiac 
surgeries. Open Heart 
2020;7:e001183. doi:10.1136/
openhrt-2019-001183

Received 7 October 2019
Revised 17 January 2020
Accepted 4 February 2020

1Department of Cardiovascular 
Medicine, Heart and Vascular 
Institute, Cleveland Clinic 
Foundation, Cleveland, Ohio, 
USA
2Department of Internal 
Medicine, Cleveland Clinic 
Foundation, Cleveland, Ohio, 
USA
3Department of Cardiovascular 
Medicine, Heart and Vascular 
Institute, Cleveland Clinic Abu 
Dhabi, Abu Dhabi, United Arab 
Emirates

Correspondence to
Dr Samir Kapadia;  kapadis@ 
ccf. org

Impact of tricuspid regurgitation on 
postoperative outcomes after non- 
cardiac surgeries

Parth Parikh   ,1 Kinjal Banerjee,1 Ambreen Ali,2 Anil Anumandla,2 Aditi Patel,2 
Yash Jobanputra,1 Venu Menon,1 Brian Griffin,1 E Murat Tuzcu,3 Samir Kapadia1

Valvular heart disease

© Author(s) (or their 
employer(s)) 2020. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

Key questions

What is already known about this subject?
 ► Patients undergoing non- cardiac surgery (NCS) 
are typically assessed for ischaemic heart disease, 
heart failure, cerebrovascular disease and other co-
morbid conditions preoperatively to evaluate risk of 
cardiac complications.

 ► As the ‘ignored valve’, the tricuspid valve is not rou-
tinely considered in the preoperative assessment.

What does this study add?
 ► Patients with moderate or severe tricuspid regurgi-
tation (TR) have higher 30- day and long- term mor-
tality post- NCS.

 ► Among these, patients with evidence of high right 
ventricular pressure, or high pulmonary artery 
systolic pressure have the worst postoperative 
outcomes.

How might this impact on clinical practice?
 ► Tricuspid regurgitation and right- sided dysfunction 
severity can be an important consideration in as-
sessing risk of NCS.

AbstrAct
Objective Tricuspid regurgitation (TR) severity has known 
adverse implications, its impact on patients undergoing 
non- cardiac surgery (NCS) remains unclear. We sought to 
determine the impact of TR on patient outcomes after NCS.
Methods We performed a retrospective cohort study 
in patients undergoing NCS. Outcomes in patients with 
moderate or severe TR were compared with no/trivial TR 
after adjusting for baseline characteristics and revised 
cardiac risk index (RCRI). The primary outcome was 
defined as 30- day mortality and heart failure (HF), while 
the secondary outcome was long- term mortality.
Results Of the 7064 patients included, 312 and 80 
patients had moderate and severe TR, respectively. Thirty- 
day mortality was higher in moderate TR (adjusted OR 
2.44, 95% CI 1.25 to 4.76) and severe TR (OR 2.85, 95% 
CI 1.04 to 7.79) compared with no/trivial TR. There was no 
difference in 30- day HF in patients with moderate TR (OR 
1.48, 95% CI 0.90 to 2.44) or severe TR (OR 1.42, 95% 
CI 0.60 to 3.39). The adjusted HR for long- term mortality 
in moderate TR was 1.55 (95% CI 1.31 to 1.82) and 1.87 
(95% CI 1.40 to 2.50) for severe TR compared with no/
trivial TR.
Conclusion Increasing TR severity has higher 
postoperative 30- day mortality in patients undergoing 
NCS, independent of RCRI risk factors, ejection fraction or 
mitral regurgitation. Severity of TR should be considered in 
risk stratification for patients undergoing NCS.

IntROduCtIOn
Non- cardiac surgery (NCS) has been asso-
ciated with postoperative morbidity and 
mortality.1 Risk scores and guidelines are used 
to risk- stratify and guide the management of 
patients undergoing NCS to help decrease 
adverse cardiac events post- surgically. 
Previous studies have assessed postoperative 
outcomes in patients with mitral regurgita-
tion (MR) and aortic stenosis after under-
going NCSs.2 3 Left sided valvular disorders 
have been shown to increase the risk of post-
operative adverse events. Findings of these 
reports have been reflected in the ACC/AHA 
guidelines for perioperative risk evaluation 

and management for patients undergoing 
NCS.4

Tricuspid valve has been referred to by 
some as the ‘ignored valve’.5 6 It was previ-
ously believed that reversing any left sided 
valvular abnormality would reverse the 
tricuspid regurgitation (TR) as well. However, 
recent studies have shown that moderate to 
severe grades of TR have poor prognostic 
implications in terms of long- term survival.7 
Additionally, patients with severe grades of 
TR and heart failure (HF) with reduced ejec-
tion fraction have been shown to have poor 
outcomes as well.8 Given the high prevalence 
(approximately US$1.6 million in the USA) of 
moderate to severe TR,9 10 significant number 
would be expected to undergo NCS. However, 
there is a lack of information regarding the 
impact of TR in patients undergoing NCS. 
This becomes even more important as we 
are now entering a time where percutaneous 
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interventions are being performed for TR.11 Our objec-
tive was to evaluate the impact of moderate and severe TR 
on outcome of patients after NCS.

MetHOds
study design
We performed a retrospective study at a tertiary care 
centre in the USA in patients undergoing NCS.

Patient and public involvement
The research question was generated based on review 
of published literature which showed poor outcomes 
in terms of long- term survival for patients with varying 
severity of TR and the lack of literature in patients under-
going a NCS in this population. Although, patients were 
not directly involved in the research project, our study is 
a retrospective observational study using data which has 
already been collected for clinical decision making which 
was utilised in better understanding the outcomes of the 
patients who underwent a NCS.

Patient population
All adult patients who underwent a NCS at our institute 
from 2000 to 2016 were considered for inclusion. The 
patient cohort was selected from our Internal Medicine 
Preoperative Assessment and Consultation clinic where 
they presented for preoperative risk stratification and 
optimisation.

Patients were included in the study if they were ≥18 
years in age, seen for preoperative assessment in an outpa-
tient setting and subsequently underwent a NCS with an 
echocardiogram at our institute within 90 days prior to 
the surgery. We excluded patients undergoing an emer-
gent surgery who did not receive outpatient preoperative 
assessment, echocardiography was technically difficult, 
echocardiography did not report the grade of TR or the 
patient was lost to follow- up within 30 days of surgery.

Data collection
Data were collected from electronic medical records. 
Data collected included baseline demographics, clinical 
characteristics, details of surgery, echocardiographic 
parameters and clinical outcomes. Variables used to calcu-
late the revised cardiac risk index (RCRI) score, namely 
history of ischaemic heart disease (IHD)/coronary artery 
disease (CAD), history of HF, diabetes mellitus requiring 
insulin, preoperative creatinine and risk of surgery were 
also collected. History of IHD was defined as a history 
of myocardial infarction, history of a positive exercise 
test, current chest pain due to myocardial ischaemia, 
use of nitrate therapy or ECG with pathological Q waves. 
Congestive HF was defined as pulmonary oedema, bilat-
eral rales or S3 gallop, paroxysmal nocturnal dyspnoea, 
chest X- ray showing pulmonary vascular redistribution. 
History of cerebrovascular disease included prior tran-
sient ischaemic attack or stroke. A creatinine >2 mg/dL 
obtained preoperatively as per the RCRI score indicated 
renal insufficiency. We used to last date the patient was 

seen in our hospital system while calculating our median 
follow- up time. All missing data were collected through 
review of electronic medical charts.

echocardiographic evaluation
All patients had undergone a two- dimensional echocar-
diography with Doppler colour- flow mapping within 90 
days prior to surgery. The proximal isovelocity surface 
area, vena contracta width, ratio of regurgitant jet area to 
right atrial area on colour Doppler, flow of hepatic vein 
and colour- wave jet density were used to evaluate grade 
of TR when available. TR jet velocity and right ventricle 
(RV) systolic pressure was calculated using the simplified 
Bernoulli equation. The sum of the tricuspid jet gradient 
and the estimated right atrial pressure was used to calcu-
late the estimated pulmonary artery systolic pressure 
(PASP).12 13 The results for each echocardiogram variable 
were assigned by the interpreting echocardiography staff 
on the combination of these multiple data points. No 
further corrections were made to the echocardiography 
results following the initial interpretation, which was 
obtained from the echocardiography database. Echocar-
diographic details of the methods utilised at our institute 
have been published previously.14–17

Outcomes
The primary outcome was 30- day all- cause mortality 
and HF. Postoperatively, HF was defined as pulmo-
nary oedema, bilateral rales or S3 gallop, paroxysmal 
nocturnal dyspnoea and chest X- ray showing pulmonary 
vascular redistribution. Secondary outcomes included 
long- term mortality. Short- term and long- term mortality 
data were obtained using multiple resources like elec-
tronic medical record review, Social Security Death Index 
and Ohio Death Index.

statistical analysis
Continuous variables were expressed as mean±SD and 
compared with the Student’s t- test or expressed as median 
with IQR as appropriate. Categorical variables were 
expressed as number (percentage) and compared with 
the χ2 test. HF and mortality at 30 days were analysed as 
with a multivariable logistic regression model, since only 
patients having 30- day follow- up were included. Covari-
ates included in the model were TR severity, age, gender, 
ejection fraction, MR and components of the RCRI score. 
For long- term mortality, a Cox regression model with 
similar covariates was used to account for censoring and 
lost to follow- up.

A subgroup analysis was performed including only 
patients with a reported estimation of RVSP. Covariates 
used for the subgroup analysis were TR severity, age, 
gender, PASP, RV dysfunction and RV enlargement. 
Multivariate regression models were used to evaluate 
predictors for the primary and secondary outcomes 
in patients with TR. Kaplan- Meier survival analysis was 
performed for long- term outcomes. Missing data were 
supplemented from manual review of electronic medical 
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Figure 1 Flow chart showing the inclusion criteria and selection of the final cohort. TR, tricuspid regurgitation.

records and imaging where needed. All significance tests 
were conducted using a two- tailed p value of 0.05. All 
analyses were done on Stata V.14 .

Results
Patient characteristics
Of the 7285 patients who fulfilled the inclusion criteria, 
221 were excluded (figure 1). Of the 7064 patients who 
constituted the study group, 5144 (72%) had no/trivial 
TR, 1528 (21%) had mild TR, 312 (4%) had moderate 
TR and 80 (1%) had severe TR. Table 1 shows the base-
line characteristics and RCRI variables of patients based 
on TR grade. Online supplementary figure 1 shows the 
type of NCS which was performed in the cohort of 7064 
patients.

Primary outcomes
30-day mortality
The primary outcome of 30- day mortality was observed in 
107 (1.51%) patients. Mortality was higher in moderate 
TR compared with no/trivial TR (4.17% vs 1.13%, 

p<0.001) and severe TR compared with no/trivial TR 
(6.25% vs 1.13%, p<0.001). After multivariate adjust-
ment, the 30- day mortality was higher in moderate TR 
(OR of 2.44; 95% CI 1.25 to 4.76) as well as severe TR 
(OR 2.85; 95% CI 1.04 to 7.79) (figure 2A). For univar-
iate analysis, see online supplementary table 1.

30-day HF
Thirty- day HF was observed in 293 (4.14 %) patients. It 
was higher for moderate TR compared with no/trivial 
TR (6.73% vs 3.75%, p=0.008). A similar trend was also 
observed for severe TR, but it failed to reach statistical 
significance (7.5% vs 3.75 %, p=0.08). After multivar-
iate adjustment, there was no difference in 30- day HF 
for moderate TR (p=0.127) and severe TR (p=0.427) 
(figure 2B). For univariate analysis, see online supple-
mentary table 2. Patients with moderate and severe TR 
had more HF compared with patients with no/trivial TR 
(adjusted OR 1.60; 95% CI 1.00 to 2.56, p=0.051).
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Table 1 Baseline characteristics of patients undergoing non- cardiac surgeries

Variable

No/trace TR Mild TR Moderate TR Severe TR

Mean/n
(SD/Per cent)

Mean/n
(SD/Per cent)

Mean/n (SD/
Per cent) P value

Mean/n (SD/
Per cent) P value

Age 62.1 (13.9) 68.4 (14.1) 73.4 (12.6) <0.001 71.9 (16.3) <0.001

Gender (male) 2441 (47.5) 602 (39.4) 110 (35.3) <0.001 31 (38.8) 0.122

Race (African American) 850 (16.5) 274 (17.9) 46 (14.7) 0.41 14 (17.5) 0.816

Race (other) 175 (3.4) 61 (4.0) 9 (2.9) 0.623 3 (3.8) 0.865

Race (white) 4119 (80.1) 1193 (78.1) 257 (82.4) 0.323 63 (78.8) 0.769

History of IHD 1336 (26.0) 464 (30.4) 106 (34.0) 0.002 36 (45.0) <0.001

History of CVA 476 (9.3) 173 (11.3) 31 (9.9) 0.687 8 (10.0) 0.819

History of heart failure 620 (12.1) 302 (19.8) 84 (26.9) <0.001 37 (46.3) <0.001

Diabetes mellitus requiring insulin 388 (7.5) 110 (7.2) 18 (5.8) 0.246 9 (11.3) 0.214

Creatinine >2 mg/dL 209 (4.1) 99 (6.5) 21 (6.8) 0.022 12 (15.0) <0.001

Elevated risk of surgery 417 (8.1) 108 (7.1) 26 (8.3) 0.89 9 (11.25) 0.3

LVEF 57.3 (7.3) 55.8 (10.0) 54.0 (11.4) <0.001 52.3 (10.7) <0.001

>Moderate MR 107 (2.1) 153 (10.0) 79 (25.3) <0.001 22 (27.5) <0.001

CVA, cerebrovascular accident; IHD, ischaemic heart disease; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; TR, tricuspid 
regurgitation.

Figure 2 Forest plot showing the multivariate analysis for primary outcome. (A) Forest plot diagram for the multivariate 
analysis for mortality at 30 days with the different grades of TR compared with no TR. (B) Forest plot diagram for the 
multivariate analysis for heart failure at 30 days with the different grades of TR compared with no TR. CAD, coronary artery 
disease; CVA, cerebrovascular accident; EF, ejection fraction; IHD, ischaemic heart disease; MR, mitral regurgitation; TR, 
tricuspid regurgitation.

Impact of PAsP and ventricular function
In a subgroup of 4289 patients with TR jet velocity, 
patients with moderate/severe TR and elevated PASP had 
higher mortality compared with patients with ≤mild TR 
and normal PASP (p<0.001). In addition, patients with 
moderate/severe TR and normal PASP also had higher 
mortality compared with patients with ≤mild TR and 
normal PASP (p<0.009) (figure 3A). On multivariate 
analysis, the factors associated with an increased 30- day 
mortality were elevated PASP (OR 1.88; 95% CI 1.12 to 
3.16; p=0.017) and RV dysfunction (OR 4.47; 95% CI 1.74 
to 11.48; p=0.002), see online supplementary table 3.

In patients with 30- day mortality, RV dysfunction 
was more common compared with patients without 
30- day mortality (38.9% vs 10.4%, p<0.001). Similarly, a 
depressed left ventricular ejection fraction (LVEF) was 
more common in patients with 30- day mortality when 
compared with patients without 30- day mortality (38.9% 
vs 17.4%, p=0.02) (table 2).

Long-term mortality
The median follow- up time was 49.9 months (IQR 19.5–
91.6). Long- term mortality was higher in patients with 
severe TR (HR 1.87; 95% CI 1.40 to 2.50) and moderate 
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Figure 3 Kaplan- Meier survival estimates. †P=0.009 when compared with no/mild TR|low PASP. *P<0.001 when compared 
to no/mild TR|Low PASP. (A) Kaplan- Meier survival estimates in patients based on grade of TR and pulmonary artery systolic 
pressure. (B) Kaplan- Meier survival estimates in patients based on grade of TR for the entire cohort. PASP, pulmonary artery 
systolic pressure; TR, tricuspid regurgitation.

Table 2 Comparing various echocardiographic parameters 
of patients with moderate and severe tricuspid regurgitation 
in patients with and without 30- day mortality

Variable

No 
outcome 
(n=374)

Outcome 
(n=18)

P value
Number 
(%)

Number 
(%)

PASP >40 mm Hg 282 (75.4) 16 (88.8) 0.2

RV dysfunction 39 (10.43) 7 (38.89) 0.0002

RV enlargement 67 (17.91) 6 (33.33) 0.1

LVEF <50% 65 (17.38) 7 (38.89) 0.02

Mod/Sev MR 96 (25.67) 5 (27.78) 0.8

LVEF, left ventricular ejection fraction; MR, mitral regurgitation; 
PASP, pulmonary artery systolic pressure; RV, right ventricle.

TR (HR 1.55; 95% CI 1.31 to 1.82) when compared with 
no/trivial TR on multivariate analysis (table 3). Survival 
up to 5 years is shown in figure 3B.

Predictors of outcomes in patients with tR
For 30- day mortality, history of IHD (OR 2.81; 95% CI 
1.44 to 5.49) and elevated risk of surgery (OR 3.43; 95% 
CI 1.59 to 7.38) were significant predictors in the post-
operative period after NCS. Diabetes mellitus requiring 
insulin (OR 2.68; 95% CI 1.46 to 4.92), elevated risk of 
surgery (OR 2.42; 95% CI 1.33 to 4.40), moderate or 
severe MR (OR 1.70; 95% CI 1.03 to 2.82) and history of 
IHD (OR 1.72; 95% CI 1.10 to 2.69) were predictors of 
HF at 30 days after NCS (figure 4).

dIsCussIOn
The aim of our study was to determine the impact of TR 
on postoperative outcomes in patients undergoing NCS. 
Our study demonstrated that there was an increased 
30- day mortality and long- term mortality in patients with 
moderate and severe TR when compared with patients 
with no/trivial TR after undergoing a NCS. In a subgroup 
of patients who had a measurable TR jet velocity for deter-
mining the RVSP, those with an elevated PASP and higher 
grade of TR had the highest mortality.

In 1977, Goldman et al published an index for cardiac risk 
in patients undergoing NCRs.1 Subsequently, studies have 
focused on left sided valvular lesions such as aortic stenosis 
and MR, which have showed an increasing adverse outcome 
with NCSs.2 3 The tricuspid valve did not receive as much 
attention, possibly because it was thought to be reversible 
after correction of the secondary cardiac pathology and 
mechanical treatments were not as well developed. The 
grade of TR shows the advanced state of cardiac disease 
most often reflecting left sided valvular disease.18–20 In 
patients with left sided valvular disease, the elevated left 
atrial pressure is reflected through an elevated pulmonary 
artery pressure which in turn causes RV dilation and wors-
ening of secondary TR.10 21 However, it does not follow a 
similar course in reverse. Recent studies have shown that 
in patients with significant TR, even after correction of left 
sided valvular abnormalities, TR may not be corrected and 
continues to have poor prognosis.22 23 This has in turn led 
to a growing interest in the tricuspid valve recently. There 
is recommendation to consider tricuspid valve repair in 
patients with significant TR who are undergoing left sided 
valve surgery.24 In addition to severity of TR, RV dysfunction 
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Table 3 Univariate and multivariate analysis of long- term mortality compared with no/trivial TR

Variable

Univariates Multivariates

HR (95% CI) P value HR (95% CI) P value

Mild TR 1.34 (1.21 to 1.47) <0.001 1.07 (0.96 to 1.18) 0.213

Moderate TR 2.27 (1.94 to 2.65) <0.001 1.55 (1.31 to 1.82) <0.001

Severe TR 3.10 (2.34 to 4.11) <0.001 1.87 (1.40 to 2.50) <0.001

Age >70 years 2.66 (2.46 to 2.88) <0.001 2.45 (2.25 to 2.66) <0.001

Gender (male) 1.43 (1.32 to 1.54) <0.001 1.28 (1.18 to 1.39) <0.001

History of heart failure 1.75 (1.57 to 1.94) <0.001 1.28 (1.13 to 1.43) <0.001

History of IHD 1.41 (1.29 to 1.54) <0.001 1.01 (0.92 to 1.11) 0.859

History of CVA 1.29 (1.12 to 1.47) <0.001 1.10 (0.95 to 1.26) 0.194

Creatinine >2 mg/dL 2.12 (1.82 to 2.47) <0.001 1.84 (1.57 to 2.15) <0.001

Diabetes mellitus requiring Insulin 1.42 (1.22 to 1.64) <0.001 1.43 (1.23 to 1.66) <0.001

Elevated risk of surgery 1.60 (1.41 to 1.82) <0.001 1.45 (1.27 to 1.64) <0.001

LVEF <50% 1.96 (1.74 to 2.21) <0.001 1.34 (1.18 to 1.54) <0.001

>Moderate MR 2.25 (1.95 to 2.59) <0.001 1.45 (1.25 to 1.69) <0.001

CVA, cerebrovascular accident; IHD, ischaemic heart disease; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; TR, tricuspid 
regurgitation.

Figure 4 Predictors of 30- day mortality and HF in patients with tricuspid regurgitation. CVA, cerebrovascular accident; EF, 
ejection fraction; CAD, coronary artery disease; MR, mitral regurgitation; TR, tricuspid regurgitation.

and elevated PASP have been shown to have poor prog-
nostic implications on long- term survival. Nath et al showed 
that TR was an independent predictor of mortality irrespec-
tive of PASP and RV function.7 They demonstrated a HR of 
1.31 in patients with moderate or higher TR irrespective 
of their PASP. Another study by Topilsky et al showed that 
isolated severe TR was associated with higher mortality and 
cardiac events with an adjusted HR of 1.78 (95% CI 1.10 to 
2.82).25 Lindman et al, while using the inoperable cohort of 
PARTNER II in their study, demonstrated that patients with 
moderate or severe TR and right heart enlargement had 
a higher odds of mortality at 1 year.26 There is a gap in the 
literature, with lack of focus on the postoperative outcomes 
of patients with TR after undergoing NCS.

Our study demonstrated that 5% of our cohort had 
moderate or higher TR of which 1% was severe TR. The 
prevalence of severe TR in our study was higher when 
compared with the national prevalence which is estimated 

to be 1.6 million (around 0.5%) in the USA.9 10 However, 
studies have shown the prevalence of clinically signif-
icant TR to increase with increasing age which would 
be in line with our findings.27 Our study demonstrated 
a significant adverse outcome in patients with moderate 
and severe TR, especially in terms of short- term and long- 
term mortality following a NCS. The RCRI score has been 
shown to distinguish between patients with high and low 
risk of encountering adverse cardiac events after NCS.28 
In our analysis, even after adjusting for individual indices 
of RCRI, MR and LV dysfunction to moderate and severe 
TR was shown to be associated with increased 30- day 
mortality. In terms of 30 day HF, we found that patients 
with moderate or severe TR did have a trend towards 
higher 30- day HF but did not reach statistical significance 
when compared with no/trivial TR in adjusted analysis. 
This may be attributed to fewer events in moderate and 
severe TR individually. When we grouped patients with  on M
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moderate and severe TR together and compared them 
to patients with no/trivial TR, it appeared that moderate 
and severe TR was associated with higher 30- day HF 
compared with no/trivial TR. As secondary TR is thought 
to go hand- in- hand with RV dilatation, RV dysfunction 
and elevated PASP, we performed a subgroup analysis in 
patients with a TR jet on echocardiography. We found 
that RV dysfunction and elevated PASP were associated 
with a higher mortality in these patients. Furthermore, 
patients who had moderate or higher TR along with a 
PASP >40 mm Hg had the highest mortality. While patients 
who had either moderate TR or higher TR, or PASP 
>40 mm Hg alone still had higher mortality compared 
with patients who had lesser than moderate degree of TR 
and a PASP <40 mm Hg. This shows that along with TR, 
the PASP as well as RV function do play a role in terms 
of poor outcomes for the patients following a NCS. We 
found that a prior history of IHD and an elevated risk of 
surgery were significant predictors of mortality at 30 days 
following the NCS. In terms of predictors for 30- day HF, 
moderate or severe MR, history of IHD, insulin depen-
dent diabetes mellitus and an elevated risk of surgery 
were significant predictors.

The current ACC (American College of Cardiology)/ 
AHA (American Heart Association) guidelines on 
perioperative evaluation and care for patients under-
going NCSs provides recommendations on management 
of patients undergoing NCSs with valvular abnormal-
ities.4 However, there has not been a focus on TR due 
to a lack of evidence. Our study provides evidence that 
there is an increased mortality in patients with moderate 
or severe TR after undergoing a NCS, and the severity of 
TR should be taken into consideration when risk strati-
fying these patients prior to undergoing NCSs. Optimis-
ation of volume status before and during surgery may be 
warranted based on the clinical situation. Although, the 
predictors for 30- day mortality and HF are largely non- 
modifiable (prior history of IHD, elevated risk of surgery, 
moderate/severe MR, insulin dependent diabetes 
mellitus), closer preoperative and postoperative moni-
toring of patients with these risk factors may be necessary. 
With the emergence of transcatheter therapies for TR as 
an option, identification of the disease burden and the 
impact on outcomes is important, making it a treatable 
risk factor.29 It still remains to be seen whether any inter-
vention in this group of patients, who suffer from higher 
grades of TR, can change outcome while undergoing a 
NCS.

lIMItAtIOns
This retrospective study is limited by the inherent biases 
of non- randomised observational studies. The study may 
not be representative of the general population as it is 
performed at a tertiary care referral centre. We were not 
able to check for interobserver variability for the echocar-
diographic variables. However, all echocardiograms are 
read and interpreted by cardiologists as per the previously 

published methods. Pulmonary artery pressure quantifi-
cation was based on presence of an adequate TR envelope. 
We did not look at any events which may have occurred 
between the time of the echocardiography being done 
and the NCS. However, since we excluded patients who 
were undergoing emergent surgeries, a significant event 
would have led to the NCS not being performed. We have 
reported cardiac and all- cause mortality in our primary 
and secondary outcomes.

COnClusIOns
Increasing TR severity has an adverse postoperative 
outcome in terms of mortality in patients undergoing 
NCS. There was increased mortality independent of the 
RCRI risk factors, LVEF or MR. Patients with an elevated 
PASP and moderate or severe TR had the highest 
mortality. Appropriate risk stratification of these patients 
may be beneficial prior to undergoing a NCS.

twitter Parth Parikh @parthparikh90

Acknowledgements We would like to acknowledge Elizabeth Hejny (Clinical 
Project Manager, Heart and Vascular Institute, Cleveland Clinic) and Alex Milinovich 
(Director of Research, Data Science Analytics) for their contribution and assistance 
with data collection and analysis.

Contributors All the authors contributed to the conception or design of the study. 
SK is the senior and corresponding author who participated in the design, planning 
and coordination of the study along with analysis of the data and critical review and 
revision of the manuscript. PP and KB contributed to the data analysis. PP drafted 
the manuscript and all authors contributed to the interpretation of the results, 
critically revised the manuscript and gave their final approval for the manuscript.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

ethics approval The protocol was approved by the hospital’s Institutional Review 
Board.

Provenance and peer review Not commissioned; externally peer reviewed.

data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCId id
Parth Parikh http:// orcid. org/ 0000- 0003- 1037- 6960

RefeRences
 1 Goldman L, Caldera DL, Nussbaum SR, et al. Multifactorial index 

of cardiac risk in noncardiac surgical procedures. Surv Anesthesiol 
1978;22:482.

 2 Agarwal S, Rajamanickam A, Bajaj NS, et al. Impact of aortic 
stenosis on postoperative outcomes after noncardiac surgeries. 
Circulation 2013;6:193–200.

 3 Bajaj NS, Agarwal S, Rajamanickam A, et al. Impact of severe mitral 
regurgitation on postoperative outcomes after noncardiac surgery. 
Am J Med 2013;126:529–35.

 4 Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/
AHA guideline on perioperative cardiovascular evaluation and 
management of patients undergoing noncardiac surgery: a report of 
the American College of Cardiology/American heart association Task 
force on practice guidelines. J Am Coll Cardiol 2014;64:e77–137.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2019-001183 on 21 A
pril 2020. D

ow
nloaded from

 

https://twitter.com/parthparikh90
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1037-6960
http://dx.doi.org/10.1097/00132586-197810000-00051
http://dx.doi.org/10.1161/CIRCOUTCOMES.111.000091
http://dx.doi.org/10.1016/j.amjmed.2012.12.005
http://dx.doi.org/10.1016/j.jacc.2014.07.944
http://openheart.bmj.com/


Open Heart

8 Parikh P, et al. Open Heart 2020;7:e001183. doi:10.1136/openhrt-2019-001183

 5 Mas PT, Rodríguez- Palomares JF, Antunes MJ. Secondary tricuspid 
valve regurgitation: a forgotten entity. Heart 2015;101:1840–8.

 6 Pettersson GB, Rodriguez LL, Blackstone EH. Severe tricuspid 
valve regurgitation is not an innocent finding to be ignored!∗. JACC 
Cardiovasc Imaging 2014;7:1195–7.

 7 Nath J, Foster E, Heidenreich PA. Impact of tricuspid regurgitation 
on long- term survival. J Am Coll Cardiol 2004;43:405–9.

 8 Benfari G, Antoine C, Miller WL, et al. Excess mortality associated 
with functional tricuspid regurgitation complicating heart failure with 
reduced ejection fraction. Circulation 2019;140:196–206.

 9 Stuge O, Liddicoat J. Emerging opportunities for cardiac surgeons 
within structural heart disease. J Thorac Cardiovasc Surg 
2006;132:1258–61.

 10 Taramasso M, Vanermen H, Maisano F, et al. The growing clinical 
importance of secondary tricuspid regurgitation. J Am Coll Cardiol 
2012;59:703–10.

 11 Taramasso M, Benfari G, van der Bijl P, et al. Transcatheter versus 
medical treatment of symptomatic severe tricuspid regurgitation. J 
Am Coll Cardiol 2019.

 12 Yock PG, Popp RL. Noninvasive estimation of right ventricular 
systolic pressure by Doppler ultrasound in patients with tricuspid 
regurgitation. Circulation 1984;70:657–62.

 13 Rogers JH, Bolling SF. The tricuspid valve: current perspective 
and evolving management of tricuspid regurgitation. Circulation 
2009;119:2718–25.

 14 Mukherjee D, Nader S, Olano A, et al. Improvement in right 
ventricular systolic function after surgical correction of isolated 
tricuspid regurgitation. J Am Soc Echocardiogr 2000;13:650–4.

 15 Grant ADM, Thavendiranathan P, Rodriguez LL, et al. Development 
of a consensus algorithm to improve interobserver agreement and 
accuracy in the determination of tricuspid regurgitation severity. J 
Am Soc Echocardiogr 2014;27:277–84.

 16 Navia JL, Elgharably H, Javadikasgari H, et al. Tricuspid regurgitation 
associated with ischemic mitral regurgitation: characterization, 
evolution after mitral surgery, and value of tricuspid repair. Ann 
Thorac Surg 2017;104:501–9.

 17 Jones BM, Tuzcu EM, Krishnaswamy A, et al. Prognostic significance 
of mild aortic regurgitation in predicting mortality after transcatheter 
aortic valve replacement. J Thorac Cardiovasc Surg 2016.

 18 Cohen SR, Sell JE, McIntosh CL, et al. Tricuspid regurgitation 
in patients with acquired, chronic, pure mitral regurgitation. 
II. Nonoperative management, tricuspid valve annuloplasty, 
and tricuspid valve replacement. J Thorac Cardiovasc Surg 
1987;94:488–97.

 19 Matsunaga A, Duran CMG. Progression of tricuspid regurgitation 
after repaired functional ischemic mitral regurgitation. Circulation 
2005;112:I453-7.

 20 Dreyfus GD, Martin RP, Chan KMJ, et al. Functional tricuspid 
regurgitation: a need to revise our understanding. J Am Coll Cardiol 
2015.

 21 Nemoto N, Lesser JR, Pedersen WR, et al. Pathogenic structural 
heart changes in early tricuspid regurgitation. J Thorac Cardiovasc 
Surg 2015;150:323–30.

 22 Shiran A, Sagie A. Tricuspid regurgitation in mitral valve disease. 
incidence, prognostic implications, mechanism, and management. J 
Am Coll Cardiol 2009;53:401–8.

 23 Sagie A, Schwammenthal E, Newell JB, et al. Significant tricuspid 
regurgitation is a marker for adverse outcome in patients undergoing 
percutaneous balloon mitral valvuloplasty. J Am Coll Cardiol 
1994;24:696–702.

 24 Vahanian A, Alfieri O, Andreotti F, et al. Guidelines on the 
management of valvular heart disease (version 2012). Eur Heart J 
2012;33:2451–96.

 25 Topilsky Y, Nkomo VT, Vatury O, et al. Clinical outcome of isolated 
tricuspid regurgitation. JACC Cardiovasc Imaging 2014;7:1185–94.

 26 Lindman BR, Maniar HS, Jaber WA, et al. Effect of tricuspid 
regurgitation and the right heart on survival after transcatheter 
aortic valve replacement: insights from the placement of aortic 
transcatheter valves II inoperable cohort. Circ Cardiovasc Interv 2015.

 27 Prihadi EA. Tricuspid valve regurgitation: no longer the “forgotten 
valve.”. ESC E- Journal Cardiol Pract 2018.

 28 Ford MK, Beattie WS, Wijeysundera DN. Systematic review: 
prediction of perioperative cardiac complications and mortality by 
the revised cardiac risk index. Ann Intern Med 2010;152:26–35.

 29 Rodés- Cabau J, Hahn RT, Latib A, et al. Transcatheter therapies for 
treating tricuspid regurgitation. J Am Coll Cardiol 2016.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2019-001183 on 21 A
pril 2020. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.jcmg.2014.08.008
http://dx.doi.org/10.1016/j.jcmg.2014.08.008
http://dx.doi.org/10.1016/j.jacc.2003.09.036
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.038946
http://dx.doi.org/10.1016/j.jtcvs.2006.08.049
http://dx.doi.org/10.1016/j.jacc.2011.09.069
http://dx.doi.org/10.1161/01.CIR.70.4.657
http://dx.doi.org/10.1067/mje.2000.103958
http://dx.doi.org/10.1016/j.echo.2013.11.016
http://dx.doi.org/10.1016/j.echo.2013.11.016
http://dx.doi.org/10.1016/j.athoracsur.2016.11.024
http://dx.doi.org/10.1016/j.athoracsur.2016.11.024
http://www.ncbi.nlm.nih.gov/pubmed/3657251
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.524421
http://dx.doi.org/10.1016/j.jtcvs.2015.05.009
http://dx.doi.org/10.1016/j.jtcvs.2015.05.009
http://dx.doi.org/10.1016/0735-1097(94)90017-5
http://dx.doi.org/10.1016/j.jcmg.2014.07.018
http://dx.doi.org/10.7326/0003-4819-152-1-201001050-00007
http://openheart.bmj.com/

	Impact of tricuspid regurgitation on postoperative outcomes after non-cardiac surgeries
	Abstract
	Introduction
	Methods
	Study design
	Patient and public involvement
	Patient population
	Data collection

	Echocardiographic evaluation
	Outcomes
	Statistical analysis

	Results
	Patient characteristics
	Primary outcomes
	30-day mortality
	30-day HF

	Impact of PASP and ventricular function
	Long-term mortality

	Predictors of outcomes in patients with TR

	Discussion
	Limitations
	Conclusions
	References


